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1
WEARABLE HEALTH MONITORING
DEVICE AND METHODS FOR FALL
DETECTION

REFERENCE TO RELATED APPLICATIONS

This application claims priority to Provisional Patent
Application U.S. Ser. No. 60/956,014, entitled “Wearable
Health Monitoring Device and Methods for Motion Based
Feature Extraction” and filed on Aug. 15, 2007, which is fully
incorporated herein by reference.

FIELD OF THE DISCLOSURE

The present disclosure relates generally to the field of
ambulatory health monitoring, remote monitoring, motion
sensing, digital signal processing, and activity monitoring
devices. In particular, the present disclosure relates to devices
which monitor one or more external signals wherein a change
in such signals triggers detection, monitoring, recording, and
reporting functions of the system. More particularly, the
present disclosure relates to wearable devices to be used for
physiological health monitoring, activity assessment moni-
toring, human state monitoring, categorization of activity,
and fall detection.

BACKGROUND OF THE DISCLOSURE

Ambulatory health monitoring devices are known in the
field of medical instrumentation, in the field of computing,
and in the field of wireless sensor networks. Such devices are
used for monitoring, recording, and reporting physiological
signals. For example, ambulatory health monitoring devices
typically include self-test devices such as weight scales for
monitoring a user’s weight; blood pressure cuffs for monitor-
ing blood pressure; heart rate monitor for monitoring heart
rate; temperature sensors for monitoring skin (or core body)
temperature; etc.

Wearable devices form a special sub-class of ambulatory
monitoring devices. As a group, these have the added advan-
tage that more continuous data can be collected and data can
be collected in the subject’s [more] natural environment.
Holter monitors for ECG and EEG monitoring are among the
first and most frequently used wearable devices. Current
devices are limited, however, in that they are strictly data
acquisition devices. Data is typically retrieved and analyzed
post recording session.

When the devices are wirelessly enabled, they are also in
the field of wireless sensor networks (WSNs). WSNs are
comprised of one or more sensor nodes and a system control-
ler. Sensor nodes include a computing platform with wireless
communication capabilities and one or more sensor devices.
The system controller provides a data sync point for the
collection and extraction of data, system configuration capa-
bilities, and may include an interface for the end user of the
wireless sensor network. The system controller may be
referred to as a personal server, network coordinator, or per-
sonal area network (PAN) coordinator. The system controller
may provide visual, audible or other signals to the user in
response to certain events.

Another category of health monitoring device includes the
so called Personal Emergency Response System (PERS)
devices. They are wearable, but strictly speaking are not
monitoring any health information. Instead, they are an active
alert response system. That is, the user must press an emer-
gency button to notify the monitoring center of an event. This
is intended for situations such as when the user falls and needs
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2

outside assistance—especially suited for independently liv-
ing elderly adults. These systems have the distinct disadvan-
tage that they require active participation from a user to be
effective. Certain measures of a user activity are often con-
sidered important and relevant to the field of interest, but are
not all available by current state of the art devices. These are
defined herein: Fall Detection refers to the passive detection
(no button requires pressing) of a user falling down. Step
Detection refers to the systematic detection of steps as well as
recording number of daily steps. Orientation or posture refers
to whether the user is horizontal or vertical. Category of
Activity, for purposes within, refers to whether the user is
resting, standing/sitting, walking, or fast walking/running.
Sleep/Wake patterns refer to more general categories of activ-
ity (sleeping or not sleeping). Levels of Activity refer to any
quantitative measure of activity such as caloric expenditure or
some other relative units for measuring activity.

SUMMARY OF THE DISCLOSURE

The present disclosure is directed to a wearable device
intended for monitoring multiple physiological signals,
recording metrics of health, and extracting measures of user
state, user context, and categorizing activity.

The present disclosure discloses a novel wearable health
monitoring device for the purpose of monitoring, recording,
and reporting relevant changes in physiological signals or
motion. The device includes a microprocessor (or digital
signal processor) at least one sensor for monitoring physi-
ological data, a memory component for storing and retrieving
information, and a means to communicate the data. When one
sensor is a multi-axis accelerometer, methods are disclosed
for extracting a number of pertinent motion-based features
including activity estimation, fall detection, step detection,
discerning the categories of a user’s activity, and recognizing
sleep/wake patterns.

Feature extraction refers to the process of analyzing the
signals, either post-session or, more desirably, in real-time as
raw data is collected, and interpreting the raw signals to
extract more useful, application-level, signals or events. For
example, heart rate and respiration rate can be extracted from
a raw electrocardiogram (ECG); core body temperature can
be extracted from skin temperature. In particular, the disclo-
sure disclosed within extracts a number of features from
3-axis accelerometer signals such as user orientation (pos-
ture), discerning category of activity, sleep/wake patterns,
step detection, estimating levels of activity, and determining
when the user falls (fall detection). Activity-induced Energy
Expenditure (AEE) refers to a measure of physical activity
and a close approximation to caloric expenditure.

For purposes of summarizing the disclosure, certain
aspects, advantages, and novel features of the disclosure have
been described herein. It is to be understood that not neces-
sarily all such advantages may be achieved in accordance
with any one particular embodiment of the disclosure. Thus,
the disclosure may be embodied or carried out in a manner
that achieves or optimizes one advantage or group of advan-
tages as taught herein without necessarily achieving other
advantages as may be taught or suggested herein.

These and other embodiments of the present disclosure
will also become readily apparent to the those skilled in the art
from the following detailed description of the embodiments
having reference to the attached figures, the intention not
being limited to any particular embodiment or embodiments
disclosed.
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BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure is described with reference to the
accompanying drawings.

FIG. 1 is a perspective frontal view of an exemplary wear-
able health monitoring device in accordance with an embodi-
ment of the present disclosure.

FIG. 2 is a perspective rear view of the wearable health
monitoring device depicted in FIG. 1.

FIG. 3 is a perspective view of a runner donning the wear-
able health monitoring device depicted in FIG. 1 and a system
in accordance with an embodiment of the present disclosure.

FIG. 4 is a block diagram depicting an exemplary comput-
ing system of the wearable health monitoring device as
depicted in FIG. 1

FIG. 5 is a graph depicting a plurality of outputs of a 3-axis
accelerometer depicting a human standing, walking, and fall-
ing.

FIG. 6 is a graph depicting a portion of the graph depicted
in FIG. 5 from time=2 seconds to time=6 seconds.

FIG. 7 is a block diagram depicting exemplary architecture
of the control logic of the health monitoring device depicted
in FIG. 4.

FIG. 8 is a block diagram depicting another exemplary
architecture of the control logic of the health monitoring
device depicted in FIG. 4.

FIG. 9 is a bar chart depicting exemplary activity-induced
energy expenditure.

FIG. 10 is a diagram depicting a 3-axis coordinate and a
gravity vector.

FIG. 11 is a diagram depicting the resultant effect of the
gravity vector on the 3-axis coordinate depicted in FIG. 10.

FIG. 12 is a flowchart depicting exemplary architecture and
functionality of the control logic depicted in FIG. 4 for deter-
mining whether a user of the health monitoring device
depicted in FIG. 1 has taken a step

FIG. 13 is a flowchart depicting exemplary architecture and
functionality of the control logic depicted in FIG. 4 for deter-
mining whether a user of the health monitoring device
depicted in FIG. 1 has fallen.

FIG. 14 is a flowchart depicting another exemplary archi-
tecture and functionality of the control logic depicted in FIG.
4 for determining whether a user of the health monitoring
device depicted in FIG. 1 has fallen.

DETAILED DESCRIPTION

Ambulatory health monitoring can have many advantages
including frequent monitoring of health metrics, monitoring
in the user’s natural setting, early detection of abnormal
physiological levels, and building a history of user’s health
information. In addition, measures of an individual’s activity
(Activity-induced Energy Expenditure), number of daily
steps, and their sleep/wake patterns are also generally deemed
useful measures of health information. Certain high need
individuals, such as seniors living alone or individuals with
chronic illnesses, may realize the greatest benefit of ambula-
tory monitoring. Self-test devices such as thermometers,
manual measurement of heart rate, and pedometers can be
employed to generate data related to ambulatory monitoring.
A comprehensive health monitoring device equipped with the
ability to continuously monitor and assess activity could pro-
vide greater benefit to individuals wearing the device.

The present disclosure provides a wearable device which
includes either a microcontroller or digital signal processor
(DSP), a battery, a battery management and power distribu-
tion system, and at least one physiological sensor from the
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4

following list: electrodes for monitoring cardiac and other
muscular activity; oxygen saturation sensors (SpO,); gal-
vanic skin response (GSR) sensors; multi-axis accelerometer
for monitoring motion; angular rate sensor (or gyroscope);
temperature sensor.

FIG. 1 depicts an exemplary perspective view of a wearable
health monitoring device 100 in accordance with an embodi-
ment of the present disclosure. The wearable health monitor-
ing device 100 comprises a controller housing 103 and an
elastic strap 101. The controller housing 103 attaches to the
elastic straps with two or more electrode snaps 104. The snaps
serve a dual purpose to both attach and secure as well as
provide electrical connection to the elastic strap’s electrodes,
which is described further herein with reference to FIG. 2.
The wearable health monitoring device 100 further comprises
a connector 105 for fastening and/or tightening the elastic
strap 101 around a user’s torso.

Note that the controller housing 103 may be comprised of
any type of suitable material known in the art or future-
developed, including plastic. In one embodiment of the wear-
able health monitoring device 100, the controller housing 103
is comprised of a water resistant type of material. Thus, the
wearable health monitoring device 100 can be used during
bathing or swimming.

In one embodiment, the wearable health monitoring device
100 is perpetually in an activated state, i.e., powered on. The
controller housing 103 further comprises an actuator 102 for
signaling a remote device (not shown). The actuator 102 may
be, for example, a button or a switch that when actuated
generates a message which is wirelessly transmitted to the
remote device, which is described further with reference to
FIG. 3.

FIG. 2 depicts an exemplary perspective view of a back
side of the wearable health monitoring device 100. The wear-
able health monitoring device 100 comprises one or more dry
fabric electrodes 200 embedded within the strap 101. In one
embodiment, the electrodes 200 patches 200 are made of
conductive polymer yarn and formed in a mesh. Each of the
electrode snaps 104 comprise on one side a snap female
receptacle 205, which mates with the controller housing snap
male connector 206. Therefore, the electrode snaps 104 are
removeably attached to the controller hosing 103 by inserting
the male connector 206 into the female connector 205.

Each dry fabric electrode 200 embedded in the strap 101 is
connected to the female connector 205. In one embodiment,
the female connector 205 is riveted through the mesh dry
fabric electrode 200 thereby establishing an electrical con-
nection between the electrode 200 and the female connector
205.

Furthermore, the male connector 206 is conductively con-
nected to a printed circuit board (PCB) (not shown) within the
controller housing 103. Thus, when the male connector 206 is
inserted within the female connector 205, and electrical con-
nection is made between the dry fabric electrodes 200 and the
PCB. In this regard, electrical signals picked up by the mesh
dry fabric electrodes 200 are transmitted through the female
connector 205, the male connector 206 and to the PCB.

In one embodiment the wearable health monitoring device
100 further comprises one or more metal contacts 207. The
metal contact 207 is conductively coupled to a thermistor (not
shown) on the PCB, which detects temperature. In addition,
the metal contact 207 further serves as a third lead of an
electrocardiogram (ECG) signal.

In this regard, the first and second electrodes 200 serves as
the differential leads of the ECG signal and are biopotential
electrodes for measuring biopotentials of the body and gen-
erating electrocardiogram (ECO) measurements. In such an
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embodiment, the electrodes 200 can be placed so they are
across auser’s heart, and a differential measurement is used to
obtain and record ECG data. In such an embodiment, the
metal contact 207 serves as the third lead when obtaining the
ECG data.

In addition, the electrodes 200 may be used to detect a
heartbeat of the user. Notably, heartbeat detection can be
extracted in any manner known or future-developed. In one
embodiment, the electrodes 200 detect a user’s heartbeat
through R-peak detection. This can be in the form of hardware
or software detection of the maximum peak waveform con-
tained in the deflections in the tracing of the electrocardio-
gram (ECG), comprising the “Q,” “R,” and “S” waves, also
referred to as the QRS Complex. The “Q,” “R,”and “S” waves
represent the respective ventricular activity of a Heart (not
shown). As an example, in real-time the wearable health
monitoring device 100, via the electrodes 200, measures the
elapsed time between each R-peak (hereinafter referred to as
an “R-peak interval”), and the instantaneous heart rate may be
calculated as the inverse of the measured R-peak interval.

The ECG data can be extracted from any various number of
electrode configurations ranging from two to twelve elec-
trodes. The use of three electrodes (two dry fabric 200 and one
metal 207) in FIG. 2 is for exemplary purposes only, and other
numbers of electrodes in other embodiments are possible.

In one embodiment, the electrodes 200 may be used to
obtain respiration rate. In such an embodiment, the ECG
signal is used to extract respiration rate using a low frequency
response filter (not shown). The wearable health monitor
device 100 performs such extraction by employing a low pass
filter (LPF) (not shown) and determining the period of a
signal (not shown) transmitted by the LPF. The low pass filter
can be implemented in hardware, in DSP firmware, or micro-
controller software.

In one embodiment, the wearable health monitoring device
100 analyzes a magnitude of the QRS complex in the time
domain and extracts a magnitude of the R-peak as a function
of time using the electrodes 200. The wearable health moni-
toring device 100 then analyzes the derived signal to deter-
mine the period (detecting relative maximum), indicative of a
respiration rate.

In one embodiment, the wearable health monitoring device
100 extracts measures of Heart Rate Variability (HRV). There
are a number of accepted methods for representing HRV
including time domain (standard deviation) and frequency
domain representation. Notably, such an embodiment uses
any suitable process known in the art of future-developed to
represent the HRV. The wearable health monitoring device
100 calculates the HRV in system or during post-analysis by
analyzing a time series of heartbeats.

FIG. 3 depicts a system 300 in accordance with an embodi-
ment of the present disclosure. The system 300 comprises the
wearable health monitoring device 100, as depicted in FIGS.
1 and 2, which is being worn by a user 301. In addition, the
system 300 comprises at least one data-receiving unit 302. In
such an embodiment, the wearable health monitoring device
100 communicates with the data-receiving unit 302 over a
local network 321, e.g., Zigbee.

In addition, the data-receiving unit 302 and/or the moni-
toring device 100 communicates with a central monitoring
device 305 via a network 303. The network 303 may be any
type of network known in the art of future-developed. The
network 303 may be, for example, broadband over power
lines (BPL), optical fiber, Ethernet, a local area network
(LAN), a wireless local area network (WLAN), ora wide area
network (WAN). Further, the data-receiving unit 302, the
wearable health monitor 101, and the central monitoring
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6

device 305 comprise hardware and/or software (not shown)
known in the art or future-developed for communicating over
the networks 321 and 303, which is described further herein.

In the system 300, the user 301 wears the wearable health
monitoring device 100. As depicted in FIG. 3, one exemplary
location of the wearable health monitoring device 100 is
above the user’s waist 308 so that a static response (due to
gravity) is in relation to an upper torso region 305 of the user
301. As described hereinabove, mounting the wearable health
monitoring device 100 is accomplished by wrapping the elas-
tic strap 101 (FIG. 1) around the user’s chest 307 and con-
necting the elastic strap 101 via the connector 105 (FIG. 1).
Note that the health monitoring device 100 is worn around the
chest 307 next to the skin, i.e., under the clothes of the user
301.

During operation, the wearable health monitoring device
100 transmits physiological data to the data-receiving unit
302. The device 100 may transmit the physiological data to
the data-receiving unit 302 upon request, continuously, or
automatically at predetermined intervals. The data-receiving
unit 302 receives the physiological data and generates histori-
cal health data related to the user 301 or detect particular
events based upon the physiological data received from the
monitoring device 100.

As indicated hereinabove, the system 300 further com-
prises the central monitoring device 305. The central moni-
toring device 305 may be substantially similar to the data-
receiving unit 302. However, in such an embodiment, the
wearable monitoring device 100 provides real-time physi-
ological data related to the user 300 to a device monitor 304,
e.g., an individual, via the central monitoring device 305.

During operation, if an event occurs, e.g., there is a change
in the user’s respiration or heartbeat, the central monitoring
device 305 displays data indicative of the event on a graphical
user interface (GUI) (not shown). Based upon the displayed
data, the device monitor 304 can take an action based upon the
physiological data indicative of the event, e.g., call emer-
gency personnel for the user 301.

Note that in the embodiment shown in FIG. 3, the device
monitor 304 is depicted graphically as a person. However, the
central monitoring device 305 may automatically, upon
receipt of the physiological data, electronically notify emer-
gency personnel.

During operation, the wearable health monitoring device
100 extracts features specifically related to the user’s motion,
respiration, cardiac activity, temperature, and the like. In
order to extract such features related to motion of the user
301, an accelerometer, described further with reference to
FIG. 4, is used, which extracts features based upon a 3-axis
coordinate system depicted in FIG. 3. Exemplary processes
and methods for extracting such features are described further
herein, and include processes for estimating the user’s level of
activity or approximating caloric expenditure, categorizing
user activity, detecting a fall, step detection, or orientation
detection, for example.

FIG. 4 is a block diagram depicting an exemplary control-
ler 400 of the present disclosure that is contained in the
controller housing 103 (FIG. 1) of the wearable health moni-
tor 100 (FIG. 1).

The exemplary controller 400 comprises a processor 403,
an output device 405, an input device 404, a communication
device 410, and a power supply 409. In addition, the exem-
plary controller 400 comprises a thermistor 407 and one or
more bioamplifiers 408. Each of these components commu-
nicates over local interface 407, which can include one or
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more buses. Furthermore, the controller 400 comprises an
accelerometer 406 and an analog-to-digital converter (ADC)
413.

Controller 400 further comprises control logic 402, physi-
ological data 411, motion data 414, and control data 412.
Control logic 402 can be software, hardware, or a combina-
tion thereof. In the exemplary controller 400 shown in FIG. 4,
control logic 402, is shown as software stored in memory 401.
Memory 401 may be of any type of memory known in the art,
including, but not limited to random access memory (RAM),
read-only memory (ROM), flash memory, and the like.

As noted hereinabove, control logic 402, physiological
data 411, motion data 414, and control data 412 are shown in
FIG. 4 as software stored in memory 401. When stored in
memory 401, control logic 402, physiological data 411,
motion data 414, and control data 412 can be stored and
transported on any computer-readable medium for use by or
in connection with an instruction execution system, appara-
tus, or device, such as a computer-based system, processor-
containing system, or other system that can fetch the instruc-
tions from the instruction execution system, apparatus, or
device and execute the instructions.

In the context of the present disclosure, a “computer-read-
able medium” can be any means that can contain, store,
communicate, propagate, or transport the program for use by
or in connection with the instruction execution system, appa-
ratus, or device. The computer readable medium can be, for
example but not limited to, an electronic, magnetic, optical,
electromagnetic, infrared, or semiconductor system, appara-
tus, device, or propagation medium

Processor 403 may be a digital signal processor (DSP) or
other type of circuitry configured to run the control logic 402
by processing and executing the instructions of the control
logic 402.

The communication device 410 may be, for example, a
low-powered radio device, e.g., a radio semiconductor, radio
frequency antenna (RF antenna); a wired communication
device such a RS232, USB, or Ethernet; or other wireless
communication device, such as a magnetic communications
scheme or infrared scheme; or any type of communication
device, which communicatively couples the controller 400 to
the data-receiving device 302 (FIG. 3) and/or the central
monitoring device 305.

In an embodiment having a data-receiving unit 302, physi-
ological data 411 and motion data 414 can be relayed in a
real-time manner, a periodic manner, an “as they occur” fash-
ion, or some combination of the three. For example, a serious
condition such as an individual falling could be relayed to the
central monitoring device 305 (FIG. 3).

In one embodiment, the bioamplifier 408 is a device that
interfaces with the electrodes 200. Thus, the bioamplifier 408
gathers, amplifies, filters and conditions the signal integrity of
human physiological activity for use by the control logic 402.
The signals (not shown) collected by the bioamplifier 408
from the electrodes 200 relate to the nervous system of the
user 301 (FIG. 3). In one embodiment, the signals collected
are stored as the physiological data 411, and are used by the
control logic 402.

The output device 405 is a device for communicating infor-
mation to the user 301 (FIG. 3). The output device 405 may
be, for example, an LED that indicates that power is on. In
addition, the output device 405 may be a speaker that emits a
sound upon the occurrence of a particular event, e.g., when
the battery needs to be charged or upon activation.

Physiological data 411 includes data obtained from the one
or more sensors, e.g., the thermistor 407 or the bioamplifier
408. Hence, the physiological data 411 comprises data
indicative of physiological aspects of the user 301 (FIG. 3).
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Examples of physiological data 411 include data indicative of
ECG readings, heartbeat readings, temperature readings, or
the like.

Motion data 414 includes data obtained from the acceler-
ometer 406. Hence, the motion data 414 comprises data
indicative of movement of the user. In the 3-axis accelerom-
eter embodiment, the motion data 414 includes data indica-
tive of the user 301 in an X-direction, Y-direction, and the
Z-direction.

The input device 404 enables the user 301 to enter data into
the controller 400. In the exemplary controller 400, the input
device 404 is the actuator 102 (FIG. 1). When the actuator is
selected, the controller 400 recognizes this as a user button
which generates a message which is sent over the network
303 and is detected by the remote device monitor 304. Other
input devices may be used in other embodiments. For
example, the input device 404 may be a keyboard or a touch
screen for performing particular operations on the controller
400.

In one embodiment the input device 404 is a microphone
(not shown), and an exemplary output device 405 is a speaker
(not shown), as described hereinabove. In such an embodi-
ment, the speaker and the microphone enable the user 301 to
be in communication with the device monitor 304 where the
device monitor 304 is a person. In such an example, the
wearable health monitoring device 100 detects an event, such
as, for example, a fall or a negative change in the user’s
physiological condition based upon received physiological
data 411. The central monitoring device 305 receives the
physiological data 411 and alerts the device monitor 304 to
the particular concern. The device monitor 304 then contacts
the user 301 over the network 303 via the microphone/
speaker input/output arrangement.

The thermistor 407 is conductively coupled to the metal
contact 207 (FIG. 2) as described hereinabove. The ther-
mistor 407 is a device that measures a skin temperature of the
user 301 where the thermistor 407 is in contact with the metal
contact 207, which is in contact with the skin of the user 301.
In one embodiment, the thermistor 407 is athermocouple (not
shown) integrated with the housing 103, and the thermo-
couple protrudes from the backside of the housing 103. Plac-
ing it on the backside of the control housing 103 places the
thermocouple in direct contact with the user’s skin. In such an
embodiment, leads (not shown) from the thermocouple are
attached to the controller 400.

In another embodiment, the metal contact 207 (FIG. 2) is
mounted inside the controller housing 103 and is mounted to
the thermistor 407 of the controller 400. In such an embodi-
ment, the thermistor 407 is mounted so that either the ther-
mistor 407 is in direct contact with the thermally conductive
metal contact 207 integrated with the controller housing 103
for detecting physiological data 411 indicative of skin tem-
perature or it is positioned so that an intermediary thermally
conductive material (not shown) can connect to the thermistor
407 and the contact 207. The metal contact 207 may be
comprised of materials, such as, copper, aluminum, stainless
steel, thermally conductive polymers or plastics. In one
embodiment, the metal contact 207 is made of a combination
of'materials such as a thermally conductive gap filler connect-
ing or thermal grease which connects the thermal contact 207
to the thermistor 407.

In one embodiment, the accelerometer 406 is a 3-axis
accelerometer for monitoring motion. The accelerometer 406
may be a direct current (“DC”) response or a non-DC
response accelerometer. In one embodiment, the accelerom-
eter 406 is a microelectromechanical (“MEMS”) piezoresis-
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tive technology sensor (not shown), however other types of
accelerometers known in the art or future-developed may be
used in other embodiments of the controller 400.

In one embodiment, the accelerometer 406 measures
acceleration due to gravity and physical movement and trans-
mits the raw analog signals to the ADC 413. The ADC 413
translates the received analog into digital data indicative of
the received analog signals (not shown). The ADC 413 pro-
vides the digital data indicative of the analog signals to the
control logic 402, which can store the digital data as motion
data 414. The control logic 402 then calculates and stores
additional motion data 414 including activity-induced energy
expenditure (AEE) and/or orientation, based upon the motion
data 414. In addition, the control logic 402 can use the motion
data 414 to detect a fall, detect steps made by the user 301, and
categorize activity performed by the user 301.

The accelerometer 406 may be a single (or dual) axis
accelerometer arranged to create a three-axis orthogonal
coordinate system, as depicted in FIG. 3 as X, Y, and Z axes.
FIG. 3 illustrates one possible axis orientation for a wearable
health monitoring device including a 3-axis accelerometer
sensor.

During extraction of the physiological data 411 and motion
data 414, the control logic 402 reacts quickly to changes in
real-time and also reduces the data stream, thereby maximiz-
ing the storage capabilities of memory 401. Reducing the data
stream may refer to techniques for averaging the data, or
inspecting the real-time stream for certain feature extraction.
One such technique is described in U.S. patent application
Ser. No. 11/972,335 entitled Wireless Sensor Network Con-
text Data Delivery System and Method.

FIG. 5 is a graph 500 that illustrates digitized signals 501-
503 obtained from an accelerometer 406 (FIG. 4) wherein the
accelerometer 406 is a 3-axis accelerometer. As described
herein, the accelerometer 406 provides the raw analog signals
to the ADC 413 before the signals 501-503 are provided to the
control logic 402.

The accelerometer 406 and ADC 413 from which the data
plotted in the graph 500 is obtained, is housed in the controller
housing 103 (FIG. 1) by the user 301 (FIG. 3) in the upper
torso position depicted in FIG. 3. As shown in FIG. 3, three
axes, 1.e., X-axis, Y-axis, and Z-axis, denote the three dimen-
sions of movement possible for the user 301 and for which the
accelerometer 406 obtains signals.

The graph 500 comprises an “Acceleration” axis in “g” and
a corresponding “Time” axis in seconds. Note that the symbol
“g” refers to the gravitational pull of Earth at sea level. In
addition, the graph 500 comprises the signal 501, the signal
502, and the signal 503, which correspond to the X-axis, the
Y-axis, and the Z-axis of FIG. 3. Thus, the signal 501 corre-
sponds to movement of the user 301 in an X-direction, the
signal 502 corresponds to movement of the user 301 in a
Y-direction, and the signal 503 corresponds to movement of
the user 301 in a Z-direction. Each signal is indicated in the
legend as Ax, Ay, and Az, respectively.

The graph 500 depicts approximately two seconds of idle
standing, from Time=0 seconds to Time=2 seconds. Further,
the peaks indicated in each notation 501-503 from approxi-
mately Time=3 seconds to Time=7 seconds represent
approximately four seconds of walking (six discrete steps
depicted) followed by a fall at approximately Time=8 sec-
onds. The fall lasts approximately two seconds from Time=7
seconds to Time=9 seconds, followed by a change in orien-
tation and a period of inactivity after Time=9 seconds.

The change in orientation is indicated by the change in
location on the acceleration axis of the signals 501-503 fol-
lowing the fall. Note that this orientation is calculated as a
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function of the static response due to gravity and how it acts
on each axis. Hence, after the indicated fall, the signal 501 in
the X-direction changes from approximately Og prior to the
fall to approximately Acceleration=1 g after the fall. The
signal 502 in the Y-direction remains very near its original
value, and the signal 503 in the Z-direction changes from
approximately 1g prior to the fall to slightly less than Og after
the fall. The change in the DC components of the acceleration
values indicates a change in orientation. As an example, prior
to the fall, the user 301 may have been in an upright position;
however, after the fall, the user may now be in a supine
position.

Furthermore, the notations 501-503 level at around
Time=9 seconds, and the signals 501-503 do not exhibit any
steeply graduated peaks in the acceleration. This leveling out
after the fall, i.e., after Time=9 seconds, indicates a period of
inactivity.

FIG. 6 is a graph 600 that illustrates in more detail the
movement of the user 300 (FIG. 3) from Time=2 seconds to
Time=6 seconds in the graph 500 of FIG. 5. Note that the
notations of the signals 501-503 remain the same, i.e., signal
501 is indicative of movement in the X-direction, signal 502
is indicative of movement in the Y-direction, and signal 503 is
indicative of movement in the Z-direction.

The four-second period from Time=2 to Time=6 seconds
encompasses approximately four steps (walking), and the
steps are indicated by the peaks 601-604 in the Z-direction
represented by signal 503. Each signal 501-503 comprises
peaks; however, for simplicity and brevity only those peaks in
the Z-direction are identified in FIG. 6.

Additionally, there is a DC offset to each signal 501-503,
and in particular, there is an offset in the Z-direction repre-
sented by signal 501 of 1 g. As indicated hereinabove with
reference to FIG. 3, when the user 301 is in an upright posi-
tion, the Z-direction is most affected, relative to the other
directions, by the static effects of gravity or acceleration in g.
Thus, the offset of 1 g with respect to the Z-direction is greater
than that in the N-direction and Y-direction, i.e., approxi-
mately 0 g in both cases. FIG. 7 depicts exemplary architec-
ture and functionality of the control logic 402 (FIG. 4) in
accordance with an embodiment of the present disclosure.
Note that the control logic 402 can be software, hardware, or
any combination thereof.

As described with reference to FIGS. 4-6, the accelerom-
eter 406, assumed for purposes of illustration to be a 3-axis
accelerometer, transmits raw analog signals (not shown)
detected by a respective sensor (not shown) of the accelerom-
eter 406 corresponding to each of the X, Y, and Z directions,
to the ADC 413 (FIG. 4). The ADC 413 translates the analog
signals received into digital signals Ax, Ay, and Az 503, and
provides the signals to the control logic 402. Note that each of
these signals 501-503 comprises an alternating current (AC)
component and direct current (DC) component. The ADC
413 then provides the digitized signals 501-503 to the control
logic 402.

FIG. 7 depicts an exemplar embodiment of control logic
402. In this regard the control logic 402 comprises three
separate tiers 710-712 that operate to manipulate each of the
three separate input signals Ax 501, Ay 402, and Az 503
provided by the ADC 413 (FIG. 4) into data indicative of an
AC component, i.e., AC(AX'), AC(Ay"), and AC(Az'), and data
indicative of a DC component, i.e., DC(AX'), DC(Ay'"), and
DC(AZ).

The circuits 710, 711, and 712 comprise low pass filters
701. The low pass filters 701 remove high-frequency noise
(not shown) of the input signals Ax 510, Ay 502, and Az 503
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and transmits as output the direct current (DC) portions of
each of the signals DC(AX"), DC(Ay"), and DC(AZ").

In addition, the signals Ax, Ay, and Az are transmitted to
summation circuits 703. The summation circuits 703 further
receive the output signals DC(Ax'), DC(Ay"), and DC(AZ")
from the low pass filter 701. The summation circuits 703
subtract the output signals DC(AX"), DC(Ay"), and DC(AX")
from the signals Ax, Ay, and Az to obtain the AC components
AC(AX"), AC(Ay"), and AC(AZ') of the signals Ax, Ay, and Az,
respectively. Finally a post filter median or low pass filter is
applied to further smooth the signals AC(Ax"), AC(Ay"), and
AC(AZ).

When implemented in firmware or software and stored in
memory 401 (FIG. 4), the motion data 414 (FIG. 4) indicative
of the input signals Ax, Ay, and Az obtained from the accel-
erometer 406 are represented as a stream of discrete samples
occurring in real-time, as defined by an application sampling
frequency, the graphs of which are illustrated in FIG. 5 and 6.

FIG. 8 depicts another exemplary architecture and func-
tionality of the control logic 402 (FIG. 4) in accordance with
an embodiment of the present disclosure. Note that the con-
trol logic 402 can be software, ahrdware, or any combination
thereof.

As described hereinabove, the ADC 413 translates the ana-
log signals received into digital signals Ax 501, Ay 502, and
Az503, and provides the signals to the control logic 402. Note
that each of these signals 501-503 comprises an alternating
current (AC) component and direct current (DC) component.
The ADC 413 then provides the digitized signals 501-503 to
the control logic 402.

The control logic 402 depicted in FIG. 8 comprises three
separate tiers 2010-2012 that operate to manipulate each of
the three separate input signals ax 501, Ay 502, and Az 503
provided by the ADC 413 (FIG. 4) into data indicative of an
AC component, i.e., AC(AX"), AC(Ay"), and AC(AZ7'), and
data indicative of a DC component, i.e., DC(AX"), DC(Ay"),
and DC(AZ").

The circuits 2010, 2011, and 2012 comprise a median or
low pass filters 2002. The median filter it used to remove high
frequency noise of the incoming signals Ax, Ay, and Az.
Alternatively, pass filter r with a sufficiently high cutoff fre-
quency could be used as well. The resultant signals Ax', Ay',
and Az' continue to contain both the DC and AC components
of'the input signals Ax, Ay, and Az. The signals Ax', Ay', and
A7' are then transmitted through high pass filters 2004 AC
portions AC(Ax"), AC(Ay"), and AC(Az') of the signals AX',
Ay', and A7'.

In addition, the signals Ax', Ay, and Az' are transmitted to
summation circuits 2003. The summation circuits 2003 fur-
ther receive the output signals AC(AX'), AC(Ay'), and
AC(AzZ') from the high pass filters 2004. The summation
circuits 2004 subtract the AC components AC(Ax'), AC(AX"),
and AC(Az'") from the signals AX', Ay', and Az' to obtain the
DC components DC(AX'"), DC(Ay"), and DC(AZ') of the sig-
nals Ax', Ay', and A7', respectively. Note that in one embodi-
ment, additional median filters can be applied to post filter
and further smooth the AC(Ax"), AC(Ay"), and AC(AZ").

It is understood that there exist additional variations of this
architecture and functionality that result in similar interme-
diate signals.

With reference to FIG. 4, the motion data 414 comprises
data indicative of a plurality of AC signals AC(AX"), AC(Ay"),
and AC(A,) and a plurality of DC signals DC signals
DC(AX'), DC(A,'), and DC(A,"). In order to calculate activity-
induced energy expenditure (AEE), the control logic 402
receives the plurality of generated signals AC(A,"), AC(A))),
and AC(A,") from the motion data 414 or from the ADC 413,
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as described hereinabove. The control logic 402, upon receipt
of the signals AC(A,"), AC(A,), and AC(A."), calculates AEE
based upon the following formula:

Al

+T
AEE = f AC(AL? + AC(A})? + AC(A] .

where T is the integration period.

Note that an integration period in formula A.1 is applica-
tion dependent. In one embodiment, the integration period tto
(t+7T) is one minute, i.e., T=60 seconds. The calculated AEE
is useful for interpreting the magnitude of a response. For
exemplary purposes of algorithms and methods employed by
control logic 402, AEE is of the order of approximately one
second in period (T=1 second).

In one embodiment, the control logic 402 implements the
integral from discrete samples of the signals AC(A."),
AC(A,), and AC(A,") stored as motion data 414 by calculat-
ing a cumulative sum of the samples. As an example, for each
T/1, discrete sample (where f; represents the application sam-
pling frequency), the control logic 402 calculates the square
root of AC(A,")*+AC(A )*+AC(A,')>. The sum of these val-
ues represents an AEE for a given time, T. When the signals
are processed in real-time, a temporary variable is first ini-
tialized to zero (every T/f; operations) and a cumulative sum
is generated. The AEE result is available every T/f; opera-
tions.

As an example, FIG. 9 shows AEE for a one second inte-
gration periods as calculated over an entire ten second time
interval. Each second the control logic 402 performs the
squared summation provided for in formula A.1, and the
graph 1100 is a bar graph showing the magnitudes of the AEE
over the ten second time interval.

In addition to calculating AEE, the control logic calculates
an orientation of the user 301 (FIG. 3) based upon the DC
signals DC(Ax"), DC(Ay'"), and DC(AZ') stored as motion data
414. For the purpose of the present disclosure, orientation of
the user 301 refers to whether the individual’s upper torso
region is horizontal or vertical.

Orientation

With reference to FIGS. 10 and 11, the control logic 402
receives and analyzes the signals DC(A,'), DC(A,'), and
DC(A,") to determine an angle ® between the z-dimension
axis and the effect of gravity represented by the vector “1 g.”
FIG. 11 depicts the static effects of gravity and how the vector
“1 g” is measured on each axis X, Y, and Z. FIG. 13 shows the
effect of gravity on each axis prior to a fall, where the user was
in the vertical orientation and just after a fall, where the user
was in a horizontal orientation.

The present disclosure discloses a method for calculating
this angle ® as a function of DC(A,"), DC(A,), and DC(A,").
The angle between any two vectors can be determined by
taking the dot product:

uv=lulvicos ¢
Letu be the ideal unit vector experienced if the accelerom-
eter was completely vertical and gravity acted in 1 g in the
z-axis. Then,
u-(0,0,1)
And let v be the vector experienced in the current orienta-
tion:

v=DC(x),DC(),DC(E)
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Then the angle @ is calculated as follows:

1xDC(Z)

¢ = 005*1(2) =
W71 \[DCGey?2 + DC(y)? + DOz 2

One embodiment of the present disclosure categorizes
horizontal and vertical orientation in terms of ® as follows:

Angle @ Orientation
D<Pord>y Vertical
B<d<y Horizontal

Where 0° < <90° and 90° <y < 180°

Yet another embodiment simplifies the calculation by rec-
ognizing that the angle ® is a function only of DC(A_,") and the
magnitude of the vector formed by gravity. Because the mag-
nitude of the measured vector should be very near 1 g, it can
be approximated—thus avoiding the inverse cosine calcula-
tion—Dby forming a look-up table or simple comparison based
on DC(A."). The following table illustrates one possible
method:

DC(z") Orientation
DC(z") > k;,; or DC(2') <k, Vertical
k1 > DC(Z) > k;» Horizontal

Where cos(0°) > kj1 > c0s(90°) and cos(90°) > k;, > cos(180°)

Yet another embodiment first compensates for offset from
the initial device placement as described within “Wireless
Sensor Network System And Method For Using The Same”,
U.S. Provisional Patent Application No. 60/884352, filed Jan.
10,2007. Using the methods contained within combined with
those disclosed in this present disclosure, it is possible to
extract orientation even when the device is erroneously
worn—such as if it were placed upside down.

Step Detection

In addition to calculating orientation and AEE, the control
logic 402 further detects steps performed by the user 300
(FIG. 3) as described with reference to FIG. 12. In order to
determine whether a step has occurred by the user 300, the
control logic continuously monitors the signals AC(A."),
AC(A)), and AC(A)).

FIG. 12 is a flowchart depicting exemplary architecture and
functionality of me control logic 402 for detecting a step of a
user 301 (FIG. 3). The control logic 402 initially remains idle,
as indicated by step 1201 until a minimum amount of activity
energy estimation (AEE) has met or exceeded a threshold
“K,” as indicated in step 1202.

A step is determined by detecting a relative minimum
followed by a relative minimum on the post filtered AC(Az")
signal within a given time window and further qualifying by
assuring the user is not in a supine position (using interme-
diate signal orientation).

Next the control logic 402 determines whether there has
been a relative minimum of the post-filtered AC(AZ') as indi-
cated in step 1203. In one embodiment, the control logic 402
detects the relative minimum from the signal AC(Az') by
comparing each digital sample in AC(Az') to one or more
previous and subsequent samples in AC(Az"). Thus, a relative
minimum is detected when the current discrete sample is less
than the previous sample and the following sample is greater
than the current sample.
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Ifthere is not a relative minimum in step 1203, the control
logic 402 remains idle; however, if there is a relative mini-
mum, the control logic 402 determines whether there is a
relative maximum from signal AC(A,") in step 1204. Similar
to the discussion with reference to step 1203, the control logic
402 detects the relative maximum from the signal AC(Az') by
comparing each digital sample in AC(A,') to one or more
previous and subsequent samples in AC(Az"). Thus, arelative
maximum is detected when the current discrete sample is
greater than the previous sample and the following sample is
less than the current sample.

Ifthere is not a relative maximum in step 1204, the control
logic 402 remains idle; however, if there is a relative maxi-
mum, the control logic 402 determines if the user is in a
non-horizontal orientation, as indicated in step 1205.

Having satisfied the sequence of events identified in steps
1201-1205, the control logic 402 stores motion data 414
indicative of a step having been performed at the particular
time, as indicated in step 1206. If the precise time occurrence
of the step is of importance to the application, this can be
defined by the user and stored as control data 412.

In another embodiment, the magnitude of the relative
maximum and relative minimum can be used to further
qualify the step detection. In yet another embodiment, the
phase relationship between other axes could be examined to
further qualify the step.

In one embodiment of the present disclosure, the control
logic 402 monitors the number of steps taken by the user 301
over time. In this regard, the control logic 402 can start a
counter and each time a step is detected and stored in step
1206, the counter can be incremented. After a given time
interval, for example sixty seconds, the control logic 402 can
stop the counter and store motion data 414 (FIG. 4) in
memory 401 (FIG. 4) indicating the number of steps taken
during the time interval. The control logic 402 can transmit
this motion data 414 to the central monitoring device 305 for
storage, display, or further analysis.

Fall Detection

FIG. 13 is a flowchart illustrating exemplary architecture
and functionality of the control logic 402 for detecting a fall
of the user 301 in accordance with an embodiment of the
present disclosure.

As described hereinabove, control logic 402 remains in an
idle state, as indicated in step 1301. The control logic 402
determines ifthe user 301 is in a vertical position, as indicated
in step 1302. If the user is in a vertical position, then the
control logic 402 compares a calculated AEE with a pre-
defined threshold “k,” as indicated in step 1303. The threshold
k is set sufficiently high so as not to be exceeded by normal
activity levels. In another embodiment, AEE is sampled more
often and AEE threshold exceeding can be determining if n
out of m consecutive AEE samples are above k. In yet another
embodiment, this can be further qualified to ensure that at
least one of the m sampled AEE values is above a higher
threshold j, where j >k.

The control logic 402 then determines whether there is a
change in orientation from vertical to horizontal, as indicated
in step 1304. If a continued horizontal state with relatively
low activity (AEE <I and 1 <<k) for some period of time, as
indicated in step 1305, the control logic 402 takes action in
step 1306, e.g., stores data indicative of a fall or alerts the
central monitoring device 305.

If while in steps 1301-1304, an event does not transpire in
areasonable elapsed time, the control logic 402 returns to the
idle (appropriate orientation) state in step 1301.

FIG. 14 depicts additional architecture and functionality of
the control logic 402 for determining a fall. In step 1401, the
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control logic 402 remains idle, until the control logic 402
determines whether the user 301 (FIG. 3) is vertical, in step
1402.

Ifthe user 301 is vertical in step 1402, the control logic 402
then calculates a angular rate of change, dd/dt. If dd/dt
exceeds a minimum angular rate of change, K, as indicated in
step 1403, this indicates the wearer is changing orientation
rapidly. The threshold K is set sufficiently high so as not to be
exceeded by normal activity levels.

In step 1404, the control logic 402 determines whether
there is a change in orientation from vertical to horizontal. If
the control logic 402 determines that the user 301 is in a
continued horizontal state with relatively low activity (AEE
<1) for some period of time, as indicated in step 1405, the
control logic 402 takes action in step 1406. In this regard, the
control logic 402 may store data indicative of a fall or the
control logic 402 may transmit an alert to central monitoring
device 305 (FIG. 3).

Category of Activity

In one embodiment of the present disclosure, the control
logic 402 categorizes activity of the user 301 based upon data
received. The present disclosure discloses a method for cat-
egorizing user activity. Using a microcontroller or DSP and
having employed the signal processing architecture disclosed
in present disclosure, derived signals Orientation, AEE, and
Steps are of interest. The method provides for discerning four
categories of activity: sleeping, sitting or standing, walking,
and running. The table below defines these categories of
activity in terms of orientation, AEE, and whether or not steps
are being detected.

Steps
Orientation AEE Detected Category of Activity
Horizontal AFE <k — Resting’
Vertical — No Standing or Sitting
Vertical I<AEE<m Yes Walking
Vertical AEE >m Yes Vigorous Walking
or Running

Where k <<1<<m

Although not explicitly depicted in the above table, the
present disclosure also discloses monitoring of other physi-
ological signals if available. For example, while the user is
horizontal, it is imperative to ensure that the individual is
okay. Heart rate, if available, provides a good indication of
this and can be used to differentiate sleeping and other life
threatening situations. In addition, the above table does not
accommodate history and in the case of a user having suffered
a fall, software should keep state of this and use it to qualify
the categorized activity. That is, a user is only sleeping if
having not suffered a fall and all vitals are still okay. In
addition, all extracted features should be qualified with
whether the device is being worn. A method for determining
if the device is being worn is disclosed within the present
disclosure.

The present disclosure discloses a method for discerning
periods of sleep and wake. For present purposes, sleep and
wake are more simply categorized by sleep and not sleep.
Based on the methods for categorizing activity which has
already been disclosed, it becomes possible to recognize peri-
ods of rest and consequently periods of non-rest. For most
purposes, rest and sleep are synonymous.

One embodiment, however, makes use one or more ofheart
rate, respiration, and skin temperature sensors when avail-
able. In general, heart rate, respiration rate, and skin tempera-
ture decline while sleeping. Under such embodiments, the
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present disclosure discloses a method for discerning rest from
sleep by recording these parameters at onset of rest. If the
parameters fall below a certain threshold (relative to recorded
parameter at onset of rest), then the activity can be catego-
rized as sleep.

Device Removal

In one embodiment of the present disclosure, the control
logic 402 detects whether the device 100 has been removed.
Notably, when dry electrodes 200 (FIG. 2) and a metal elec-
trode 207 (FIG. 2) are used, heart beat detection stops and the
detected temperature begins to drop quickly if the device 100
is removed from the user 300. In this regard, device removal
can be defined as no heart beat and temperature below a
threshold. At the beginning of onset of absence of heart beats,
the rate of change of temperature must also be used as a
determination.

In another embodiment, the control logic 402 uses the
electrodes 200 and applies a small potential to the body. By
measuring the induced current, it can be determined if the
electrodes 200 are in contact with the user’s body. If current
is induced, the electrodes 200 are in contact with a conductive
body and can be determined to be being worn. This can be
accomplished by providing a voltage source with a known
impedance (a voltage follower amplifier in series with a resis-
tor) and measuring the voltage on the output of the voltage
source. If the measured voltage is at or near the source volt-
age, the loop is open and not in contact with skin. If the
measured voltage is significantly lower than the source volt-
age, then it can be determined that the loop is closed and
current is flowing thus causing a voltage drop in the resistive
output of the voltage source. It can then be inferred that the
electrodes are in contact with a conductive material (presum-
ably human skin). If deemed necessary, this could be further
qualified for known resistive properties for humans so as to
differentiate from a scenario where the device was laid on
another non-human conductive surface.

This disclosure may be provided in other specific forms
and embodiments without departing from the essential char-
acteristics as described herein. The embodiments described
above are to be considered in all aspects as illustrative only
and not restrictive in any manner.

As described above and shown in the associated drawings,
the present disclosure comprises a wearable health monitor-
ing device and methods for motion-based feature extraction.
While particular embodiments of the disclosure have been
described, it will be understood, however, that the disclosure
is not limited thereto, since modifications may be made by
those skilled in the art, particularly in light of the foregoing
teachings. It is, therefore, contemplated by the appended
claims to cover any such modifications that incorporate those
features or those improvements that embody the spirit and
scope of the present disclosure.

What is claimed is:

1. A fall detecting device configured for detecting a fall of
a user, comprising:

an accelerometer configured to be coupled to the user’s

torso and further configured for continuously measuring
movement of the user and outputting three signals
indicative of the movement of the user in three orthogo-
nal axes, wherein each signal comprises an alternating
current (AC) component representing dynamic motion
and a direct current (DC) component representing static
effects due to gravity; and

a processor electrically coupled to the accelerometer and

configured for periodically sampling the three measured
signals and storing digital data indicative of the three
signals in a memory, wherein the memory is electrically
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coupled to the processor, the processor further config-
ured for periodically determining orientations of the
user based upon the DC components of the sampled
signals and changes in orientation of the user based upon
the DC components of the sampled signals, the proces-
sor further configured for periodically calculating activ-
ity-induced energy expenditure (AEE) values based
upon the AC components of the sampled signals and
wherein AEE is a function of the AC components calcu-
lated over an integration period, the processor is further
configured for determining that the user has fallen when:

(a) the processor determines that the DC components of
the sampled signals indicate that the user was in a
vertical position,

(b) after the processor determines that the DC compo-
nents of the sampled signals indicate that the user was
in a vertical position, the processor determines when
a first AEE value calculated from a first set of the AC
components over a first integration period exceeded a
first threshold, wherein the first threshold is of a mag-
nitude that indicates activity levels that are above
normal activity levels and wherein when the first AEE
value calculated from the first set of AC components
over the first integration period did not exceed the first
threshold, the processor continues processing at (a),

(c) after the processor determines that the first AEE
value calculated from the first set of AC components
over the first integration period exceeded the first
threshold, the processor determines when the DC
components of the sampled signals indicate a change
in orientation of the user from vertical to horizontal
and wherein when the processor does not detect a
change in orientation from vertical to horizontal after
a predetermined period of time, the processor contin-
ues processing at (a), and

(d) after the processor determines that the DC compo-
nents of the sampled signals indicate a change in
orientation of the user from vertical to horizontal, the
processor determines when the DC components of the
sampled signals indicate a continued horizontal posi-
tion and a second AEE value calculated from a second
set of the AC components over a second integration
period is below a second threshold, wherein the sec-
ond threshold is of a magnitude that indicates activity
levels that are below normal activity levels, the pro-
cessor determines that a fall has occurred; and

the processor is further configured to transmit an alert

indicating that the fall has occurred to a central moni-
toring device when the processor determines that the
user has fallen, and the central monitoring device is
configured to provide the alert to a service provider such
that the service provider may take appropriate action.

2. The fall detecting device configured for detecting the fall
of the user of claim 1, wherein the accelerometer comprises
one or more microelectromechanical piezoresistive acceler-
ometers.

3. The fall detecting device configured to detect a fall of the
user of claim 1, wherein the processor is further configured
for filtering the AC component from each of the three signals
indicative of movement of the user and outputting the respec-
tive DC component of each of the signals indicative of move-
ment of the user for further processing.

4. The fall detecting device configured to detect a fall of the
user of claim 3, wherein the processor is further configured
for subtracting each of the respective DC components from a
respective one of the signals indicative of movement of the
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user and outputting the respective AC component of each of
the signals indicative of movement of the user for further
processing.

5. The fall detecting device configured to detect a fall of the
user of claim 1, wherein the processor is further configured
for filtering the DC component from each of the three signals
indicative of movement of the user, and outputting the respec-
tive AC component of each of the signals indicative of move-
ment of the user for further processing.

6. The fall detecting device configured to detect a fall of the
user of claim 5, wherein the processor is further configured
for subtracting each of the AC components from a respective
one of the signals indicative of movement of the user, and
outputting the DC component of each of the three signals
indicative of movement of the user for further processing.

7. The fall detecting device configured to detect a fall of the
user of claim 1, wherein the processor is further configured
for calculating the AEE over the integration period by:

(1) calculating the square root of the sum of the squares of
the AC components for each discrete sample during the
integration period; and

(2) summing the calculated values for each discrete sample
during the integration period, wherein the sum is the
AEE.

8. The fall detecting device configured for detecting the fall
of the user of claim 1, wherein the processor is further con-
figured for periodically determining orientations, periodi-
cally determining changes in orientation, and periodically
calculating AEE for each sample of the three measured sig-
nals indicative of movement of the user.

9. A fall detecting method for detecting a fall of a user,
comprising:

measuring movement of the user with an accelerometer
configured for coupling to a user’s torso;

outputting, by the accelerometer, three signals indicative of
the movement of the user’s torso in three orthogonal
axes, wherein each signal comprises an alternating cur-
rent (AC) component representing dynamic motion and
a direct current (DC) component representing static
effects due to gravity;

periodically sampling the three signals with a processor
electrically coupled to the accelerometer;

storing, by the processor, digital data indicative of the
sampled signals in a memory, wherein the memory is
electrically coupled to the processor;

periodically determining, by the processor, orientations of
the user based upon the DC components of the sampled
signals;

periodically determining, by the processor, changes in ori-
entation of the user based upon the DC components of
the sampled signals;

periodically calculating, by the processor, activity-induced
energy expenditure (AEE) values based on the AC com-
ponents of the sampled signals and wherein AEE is a
function of the AC components calculated over an inte-
gration period;

determining, by the processor, that the user has fallen
when:

(a) the processor determines that the DC components of
the sampled signals indicate that the user was in a
vertical position,

(b) after the processor determines that the DC compo-
nents of the sampled signals indicate that the user is in
a vertical position, the processor determines that a
first AEE value calculated from a first set of the AC
components over a first integration period exceeded a
first threshold, wherein the first threshold is of a mag-
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nitude that indicates activity levels above normal subtracting, by the processor, each of the DC components
activity levels and wherein when the first AEE value from a respective one of the signals indicative of move-
calculated from the first set of AC components over ment of the user; and

outputting, by the processor, the AC components of the
signals indicative of movement of the user for further
processing.
12. The fall detecting method configured to detect a fall of
the user of claim 9, further comprising
filtering, by the processor, the DC component from each of
the respective signals indicative of movement of the
user; and
outputting, by the processor, the AC component of each of
the signals indicative of movement of the user for further
processing.
13. The fall detecting method configured to detect a fall of
the user of claim 12, further comprising:
subtracting, by the processor, each of the AC components
from a respective one of the signals indicative of move-
ment of the user; and
outputting, by the processor, the DC components of the
signals indicative of movement of the user for further
processing.
14. The fall detecting method configured to detect a fall of
the user of claim 9, further comprising:
calculating, by the processor, the AEE over the integration
period by:
(1) calculating the square root of the sum of the squares
of'the AC components for each discrete sample during
the integration period; and

the first integration period did not exceed the first
threshold, the processor continues processing at (a), 3
(c) after the processor determines that the first AEE
value calculated from the first set of the AC compo-
nents over the first integration period exceeded the
first threshold, the processor determines when the DC
components of the sampled signals indicate a change 10
in orientation of the user from vertical to horizontal
and wherein when the processor does not detect a
change in orientation from vertical to horizontal after
a predetermined period of time, the processor contin-
ues processing at (a), and 15
(d) after the processor determines that the DC compo-
nents indicate a change in orientation of the user from
vertical to horizontal, the processor determines when
the DC components of the sampled signals indicate a
horizontal position and a second AEE value calcu- 20
lated from a second set of the AC components over a
second integration period is below a second threshold,
wherein the second threshold is of a magnitude that
indicates activity levels below normal activity levels,
the processor determines that a fall has occurred; and 25
transmitting an alert to a central monitoring device when
the processor determines that the user has fallen; and
providing the alert to a service provider that the user has
fallen, by the central monitoring device, such that the

service provider may take appropriate action. 30 @) summing. the cglculateq Value?s for each discrete
10. The fall detecting method configured to detect a fall of .sartrlllplz(]ialllanng theintegration period, wherein the sum
is the .

the user of claim 9, further comprising:
filtering, by the processor, the AC component from each of
the signals indicative of movement of the user; and
outputting, by the processor, the DC component of each of 35

15. The fall detecting method configured to detect the fall
of the user of claim 9, wherein the periodic determining of
orientations, the periodic determining of changes in orienta-

the signals indicative of movement of the user for further tion, and the periodic calculating ,Of AEE 18 pe.rformed for
processing. each sample of the three measured signals indicative of move-

11. The fall detecting method configured to detect a fall of ment of the user.
the user of claim 10, further comprising: L



